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Femtoscopy @ LHC

1T correlations
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Femtoscopy @ ALICE

In small collision systems (pp)
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Femtoscopy @ ALICE

In small collision systems (pp)

Based on ALICE Coll. Phys.Lett.B 811 (2020) 135849

e Study of the pp and pA, using a Gaussian

source, revealed mT scaling. The source
size is different for different species.

e A hypothesis:

Gaussian “primordial core” common for
all species modified by decays of short
lived resonances.

Based on statistical hadronization model
% of all protons and As are produced like
that. Resonances decaying into As, on
average, live longer.

<ct> for protons c.a. 1.7 fm/c

<ct> for As c.a.4.7 fm/c
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In small collision systems (pp)
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In small collision systems (pp)
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Femtoscopy @ ALICE

In small collision systems (pp)
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The CECA model
A generalization of the RSM

e MC simulation of single particles and resonances.

Mihaylov and Gonzalez Gonzalez,

EPJC 83 (2023) 7, 590
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Mihaylov and Gonzalez Gonzalez,

The CECA model EPJC 83 (2023) 7, 590
A generalization of the RSM

MC simulation of single particles and resonances.
Assume a common ellipsoidal ‘hadronization surface’.

The latter serves as a source of spatial-momentum
correlations, leading to mT scaling.
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Mihaylov and Gonzalez Gonzalez,

The CECA model EPJC 83 (2023) 7, 590
A generalization of the RSM

MC simulation of single particles and resonances.

[ ]

e Assume a common ellipsoidal ‘hadronization surface’.
The latter serves as a source of spatial-momentum
correlations, leading to mT scaling.

e Decay the resonances and form pairs, extract the

corresponding 2- and N-particle source.
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Mihaylov and Gonzalez Gonzalez,

The CECA model EPJC 83 (2023) 7, 590

The resulting pp source

e MC simulation of single particles and resonances.

Assume a common ellipsoidal ‘hadronization surface’.

The latter serves as a source of spatial-momentum

correlations, leading to mT scaling.

e Decay the resonances and form pairs, extract the
corresponding 2- and N-particle source.
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The CECA model
Simultaneous fit of pp and pA
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The CECA model

A generic mT scaling
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The CECA model

An open question: Can we reproduce the saturation of the ALICE RUN3 data?
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The CECA model

An open question: Can we reproduce the saturation of the ALICE RUN3 data?
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And so much more was done !

energy scattering experiments
in high energy collisions @

aF ALICE
The exhaustive list of recent ALICE
femtoscopy measurements
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And so much more was done !

/ Small collision systems from % @ the WPCF

Novel constraints for the multi-strange meson-baryon interaction using correlations
by Oton Vazquez Doce, Tue @ 9:00
by Bhawani Singh, Wed @ 14:10

Chiral symmetry restoration studies with Femtoscopy
by Maximillian Korwieser, Thu @ 15:55

Demystifying the interior of neutron stars with femtoscopy at ALICE

\iMarcel Lesch, Fri @ 13:55

Accessing the strong interaction in three-hadron systems via proton-deuteron femtoscopy

energy scattering experiments
g in high energy collisions @
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ALICE
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Coalescence studies for light nuclei
Motivation: Indirect search for dark matter

ALICE Coll, Nature Physics

volume 19, pages 61-71 (2023)
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e Antinuclei cosmic rays: possible “smoking gun” signature of dark matter
e Essentially free of astrophysical background
e Calculations require antinuclei production/annihilation
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Coalescence studies for light nuclei

Motivation: Indirect search for dark matter
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ALICE Coll, Nature Physics
volume 19, pages 61-71 (2023)

Antinuclei cosmic rays: possible “smoking gun” signature of dark matter
Essentially free of astrophysical background
Calculations require antinuclei production/annihilation
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Femtoscopy @ LHC

p-d correlations

two-particle relative momentum
q=2k*
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. q=2k*
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F e mto SCO py @ L H C , -~ two-particle relative momentum

p-d correlations / \
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Coalescence @ LHC

e Nucleons close in phase space
=> possibility to coalescence
e Coalescence parameter B,
=> probability for the nucleons to coalesce

- ~
7 of
Light nuclei formation / \
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Coalescence model: \ *ﬁf,—:* v/l 0
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two-particle relative momentum
q=2k*
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Coalescence @ LHC -

Light nuclei formation

e Nucleons close in phase space
=> possibility to coalescence
e Coalescence parameter B,
=> probability for the nucleons to coalesce

-

- = N
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Coalescence model: \ *ﬁ?* v/l 0
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N
d
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E—= o & el
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e Simple coalescence models assume that nucleons
coalesce if their k* is below a threshold p,

qg=2k*

two-particle relative momentum
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o two-particle relative momentum
Coalescence @ LHC L~ relaie,
Light nuclei formation /
|
Coalescence model: \ *
\
\ -
e Coalescence parameter B,
=> probability for the nucleons to coalesce
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e Nucleons close in phase space
=> possibility to coalescence

$ i

e Simple coalescence models assume that nucleons
coalesce if their k* is below a threshold p,
e Advanced coalescence models make use of quantum
mechanical treatment, via the Wigner formalism M. Kachelrie8, EPJA 56 (2020)
Mahlein et al.. EPJC 83 (2023) 9. 804 33
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Coalescence studies for light nuclei

B, measurements vs predictions (pp collisions)
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The B,(p;) is reproduced using the
Wigner formalism

The Argonne V18 potential used to
evaluate the deuteron wave function
can describe both p-p and p-d
correlations

The source size is taken from p-p
correlations
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Coalescence studies for light nuclei
pT spectrum reproduced as well!

|||||||| | ML LI L L L L L

I’g\ 0-0020__ deuterons, pp (s = 13 TeV HM"|
—~0025———F—————————————— —r—r— > - [¢]ALICE JHEP 01, 106 (2022)
3 i pp Vs =13 TeV HM i 0] L Gaussian WF [l EPOS3 |
B B i — - Hulthén WF i Pythia 8.3 -
= [«]ALICE JHEP 01, 106 (2022) —~
() E ) - 0.0015— [ Argonne v18 WF m
QO 0.020}— ™ Gaussian WF I EPOS 3 - = L i
o - [ Hulthén WF 5 Pythia 8.3 0 > B 1
. Argonne v18 WF | § - |
0.015F o] % 0.0010— .
- i 3 i i
- i Z - i
0.010[- N 0.0005~ -
0.005~ . i 1
: 1 I 1 1 1 1 I 1 1 1 1 I 1 | 1 1 | 1 | 1 1 ] % 2 : E
0.5 1.0 18 2.0 2:9 @) E

pT/A (GeVlc) g i SOOI ]

Mahlein et al.. EPJC 83 (2023) 9. 804 ke 05 1.0 15 2.0 25 3 035 40 45

P, (GeV/c)


https://link.springer.com/article/10.1140/epjc/s10052-023-11972-3

Going forward
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A summary
And thank you for your attention!

e A common source in small collision systems allowing to study the FSI
with high precision using femtoscopy

e Advancements in the source modelling

e Femtoscopy and coalescence can relate the emission source to
momentum distributions of light nuclei

A teaser as an outlook:

e Some very interesting new developments related to 1d correlations,
relevant for the coalescence sturdies.
Will trade details for drinks over dinner!
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